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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-3k

ATRPLANE AND ENGINE RESPONSES TO ABRUPT THROTTLE STEPS
AS DETERMINED FROM FLIGHT TESTS OF EIGHT
JET-PROPELLED ATRPLANES

By Maurice D. White and Bernard A. Schlaff

SUMMARY

As a part of a generalized landing-approach investigation, determi-
nations were made of the dynamic responses of a number of airplanes and
engines to abrupt throttle steps. TFor the thrust levels above about
80 percent of design rpm to which the tests were mainly confined, the
thrust responses to small-amplitude thrust changes (5-percent change in
rpm) were representable by a first-order dynamic response (1L - e~Ct) in
most of the cases; the exception used variable exit-nozzle area and

--temperature rather than engine rpm as a primary engine variable. For

larger amplitdééféfébgj’thé’thrust~variations,dﬁparﬁﬁd cignificantly

from that of a first-order response for some engines; while the differvences- -

from the Tirst-order response would probably not be a serious factor in
approximating engine response characteristics for landing-approach
simulations, they might be significant for other applications. Engine
dynamic response characteristics were not a limiting factor in carrier-
type approaches where the characteristic small throttle movements would
be associated with small time constants; this conclusion would not apply,
however, in low-power tactical-type approaches. Similarly, in wave-offs
from carrier-type approaches, the engine dynamic responses were rapid
enough that this factor did not limit approach speeds. Responses of the
various test airplanes to throttle steps were different in the degree to
which normal accelerations developed as a result of trim changes due to
thrust.

INTRODUCTION

The Ames Research Center of the National Aeronautics and Space
Administration has been conducting a general study of the problems of
the landing approach with several objectives. These include the
identification of the factors that limit the approach speed (ref. 1),
the development of means for decreasing the approach speed (ref. 2 and
boundary-layer control studies), and the development of criteria for
predicting the approach speed. As noted in reference 1, the throttle
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may be used by the pilot as an important means for controlling altitude .

precisely in constant-speed types of approaches. Consequently, the

dynamic responses of the engine and the airplane to throttle movement

are significant during this type of approach. For this reason, these

characteristics were documented in flight for a number of the airplanes

tested in the aforementioned program, and the results are presented in

this report.

NOTATION

A exit area of jet nozzle, sq ft

Ay longitudinal acceleration, units of gravity, g

Ay normal acceleration, units of gravity, g

c arbitrary constant

Fg gross thrust, 1b

Fg' uncorrected gross thrust as determined from single probe in tail

pipe ~
Fy net thrust, 1b

Fram ram drag, as defined in equation (1), 1b

k nozzle coefficient

he static pressure, 1b/sq ft

a dynemic pressure, 1b/sq ft
rpm engine revolutions per minute
T thrust, 1b

Te absolute temperature, deg

Thax  maximum thrust at sea level, 1b
t time
v velocity, knots

W landing weight of airplane, 1b




Wg mass flow of air through engine, slugs/sec
o angle of attack, deg

4 rate of change of flight-path angle

B¢ elevator angle, deg

aTh throttle position

e ratio of absolute temperature at inlet to absolute temperature at
sea, level for standard conditions

0 atmospheric density, slugs/cu ft
Subscripts

o] standard condition

s stall

T tail-pipe location

ATRPLANES AND ENGINES

Dynamic response characteristics were determined for eight fighter-
type jet-propelled airplanes; the FJ-3, FiD, FOF-6, F-86A, F-86F, F-OLC,
F-84F, and FTU-3. A two-view sketch of each of the airplanes is shown
in figure 1.

The engine model and series designation for each of the airplanes is
given in table I together with the type of fuel regulator. The engines
were of axial-flow compressor type except for the J-U48 engines used in
the FOF-6 and F-9LUC airplanes which are centrifugal-flow compressor types.
The J-57 engine installed in the FUD-1 airplanes is of the twin-spool
type. Three of the engine types had afterburners, but the afterburners
were not used in any of the tests reported here,



TNSTRUMENTATION
Instruments and Static Calibrations

Standard NASA recording instrumentation was used to record alrspeed,
altitude, normal and longitudinal acceleration, angle of attack, throttle
position, and tail-pipe pressure. Conventional technigues were used to
calibrate the recording airspeed systems in the FTU-3, F-86A, F-86F, FiD,
and FJ-3 airplanes. No airspeed calibrations were made for the F9F-6,
F-94C, and F-8L4F airplanes; for these airplanes, nose-boom installations
with static-pressure sources approximately 10 feet ahead of the alrplane
noses were assumed to provide static pressure with no appreciable error.

A single tail-pipe probe, which was used as an engine thrust indica-
tor in accordance with reference 3, was calibrated statically by use of a
ground thrust stand for each of the installations.

Engine rpm, tail-pipe temperature, and fuel weight were obtained
from the airplane standard indicators by using a movie camera to photo-
graph the instrument panel.

Dynamic Response Characteristics of Imnstruments

Since the present tests were conducted only incidentally to the
landing~approach studies, no special instrumentation was installed to
minimize the lag of the recorded values. A brief estimate of the dynamic
response characteristics of the instruments used to define engine
performaence follows:

(a) Tail-pipe pressure: The natural frequency of the recorder was
about 200 cycles per second, which would introduce negligible time lags
for the effective frequencies of the pressure responses. For the lengths
of tubing used in the pressure lines, the maximum lags were estimated to
be about 0.0l second, based on the procedures of reference 4. The
resultant lag of the recorded values of tall-pipe pressure, the primary
indicator of thrust, is therefore considered negligible.

(b) Tail-pipe temperature: The time lags associated with the airplane
indicating systems used for most of the test airplanes were relatively
high, of the order of 2 to 4 seconds. However, sample calculations
indicate that the computed thrust variations are not particularly sensitive
to errors in recorded temperature, being of the order of 1 to 2 percent
of the increment for the largest errors that were estimated to have
occurred. This lag effect was considered small enough to Jjustify its
neglect in the data evaluation.




(c) Engine rpm: Laboratory tests of typical service indicators
showed the indicator to lag step changes in voltage input from 80 to 100
percent of design rpm by 0.65 second, and step changes in voltage input
from 100 to 80 percent of design rpm by 0.9 second. These figures
represent moderate time lags, for which no attempts were made to provide
corrections. It will be noted, however, that these measurements are not
used in any of the calculations, but are presented only as time histories.

TESTS

A series of throttle steps was made with each of the airplanes, over
a range of step amplitudes for increasing and decreasing thrusts. The
airplanes were in the landing-approach configurations, and the tests
were conducted with fixed controls at approximately the landing-approach
speed for each airplane. The test altitudes ranged from 2000 to 8500
feet.

For most of the airplanes the tests were confined to the thrust
range from 80 to 100 percent of design rpm, with thrust increments
corresponding to rpm changes of 5, 10, 15, and 20 percent of design rpm.
A broader range-of -engine fhruste was covered on one of the airplanes,

the F-86A, the engine test rpm ranging from %0 to 100 percent.  For the

FOF-6 and F7U-3 airplanes the program of runs was not as systematic as
it was for the other airplanes which were tested subsequently.

Some of the airplanes were evaluated in wave-off maneuvers. TFor
these tests carrier-type landing approaches were made at a number of
approach speeds. From these approaches, wave-offs were made with slow,
intermediate, and normal throttle advances. These tests were conducted
by several pilots at a field carrier-landing practice facility maintained
by the Navy at Crows Landing, California.

Some of the test airplanes were equipped with afterburners but the
afterburners were not used in any of the tests reported herein.

RESULTS

Static Thrust

The variations of thrust with corrected rpm for the test engines as
determined from thrust-stand measurements at sea level are shown in
figure 2. Data for the FTU-3 alrplane are omitted from figure 2 because,
as indicated later, the thrust variations for this airplane do not lend
themselves to this type of presentation. The data are presented as the



ratio of thrust to maximum thrust in order to show the degree to which
one approximate curve might serve for generalized studies. The data for
the single-~spool engines do show some consistency, but it is apparent
that the legitimacy of such an approximation would depend on its intended
use. The twin-spool engine (FLD) shows considerable disparity from the
others.,

Throttle Steps

Typical responses of the engines and the airplanes to abrupt step
movements of the throttle are shown in time history form in figures 3 to
10. The throttle position, indicated engine rpm, net thrust, and longi-
+tudinal and normal accelerations are shown for each airplane for throttle
steps from 80 to 85, 80 to 100, 100 to 80, and 85 to 80 percent of design
rpm. For several of the airplanes, the F7U-3, FOF-6, and the F-86A, data
were not obtained for the precise ranges designated, and the time histories
are for ranges most nearly approximating them.

Values of the net thrust, Fy, were determined from the following
equation:

Fy = Fgcos @ = Fygp (1)
where
and k 1is the nozzle coefficient determined from thrust stand tests.

The values of Fg’ and Fram Wwere obtained from the relationships given
in reference 3.

R, T NPr) TEp,  C tAPp) ¢ Tram = YT (3)

Unlike the other airplanes the throttle position for the FTU-3
airplane is plotted in terms of percent of maximum thrust available, the
relationship of the throttle position to thrust being obtained from steady-
state flight data at an altitude of about 5000 feet. The difference in
throttle position presentation was required because of the fact that in
the range of engine thrusts applicable to the carrier-approach condition,
the engines of the F7U-3 were operated at constant rpm and the thrust was
modulated by changing fuel flow and exit-nozzle area to alter temperature.
Engine data for the FTU-3 airplane are presented for only one of the two
engines installed in the alrplane; the airplane responses correspond to
thrust changes of both engines.
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Data were recorded for the F-94C airplane at airspeeds of 14O and
160 knots. Since the response characteristics were found to be nearly
identical at both speeds only the data for 140 knots are presented.

It will be noted in figures 3 tc 10 that occasionally there was a
difference between the indicated engine rpm and the rpm setting of the
throttle at the beginning of the time history. Possible explanations for
these differences would include play or backlash in the throttle system
linkage, and differences in altitude between the test runs and the
calibration curve for the throttle position.

DISCUSSION

Basic Engine Characteristics

The basic characteristics of conventional Jjet engines are such that
the maximum allowable accelerations in rotation are limited as a function
of the rotational speed (rpm). Stalling of the blades of the compressor
is an important consideration in defining the limiting positive rotational
accelerations, and flame blowout in defining the limiting negative
accelerations. Fuel regulators usually schedule fuel so that engine

-operation will approach but not cross the boundarles establlshed by these

considerations.

Engine thrust responses at high thrust levels.- The actual thrust
responses achieved in service installations as a result of these restric-
tions are indicated by the data shown in figures 3 to 10, The thrust data
show the quantitavive time constants that prevail as a result of the
gualitative limitations indicated above. The results are confined to
thrust levels which cover the ranges of values that are generally used in
carrier-type approaches - above about 80 percent of design rpm for most of
the airplanes. The restriction to this range of values was established
on the basis that the pilots use the throttle as a basic altitude control
mainly in this type of approach, so that the dynamic response characteris=~
tics were considered to be of significance only in this range (ref. 1).

In the tactical type of approach described in reference 1, the engine is
operated at low thrust levels where the dynamic responses are very slow,
so that the pilots do not completely rely on obtaining a particularly
fast engine response. Quantitative values of engine time constants would
not be of as much interest for such operation.

The results in figures 3 to 10 indicate that there are variations
in the responses of the different engine and fuel regulator combinations
that preclude a simple general description. For practical purposes the
responses of all the engines to steps of small amplitude (1- to 2-percent
engine rpm) are describable as a first-order response (1 -~ e=Ct), This



indicates that, as would be expected, at small amplitudes the fuel
regulation does not greatly modlfy the basic character of the response
of the unregulated engine, which may be assumed as first order (ref. 5).

The responses to increasing steps of large amplitude vary considerably
between engines. Plots of the variations of thrust with time show a
decreasing slope with time that approximates a first-order response for
the F-84F and F-86A airplanes. A relatively uniform slope is shown for
the F-94C, F9F-6, F-86F, FUD, and FJ-3 airplanes. For the F7U-3 airplane
the thrust appears to lag the throttle movement by a simple time lag.

A point of interest in connection with the foregoing comparison,
which should also be borne in mind with regard to the followlng discussion,
is the role of the fuel regulator in defining dynamic response characteris-
tics. It will be nobted in table I that several of the airplanes included
in the investigation have the same basic engine designation but different
fuel regulators; for example, the FOF-6 and the F-OLC both have J-48
engines, the F-86A and the F-86F both have J-4T engines, and the FJ-3 and
F-84F both have J-65 engines. Yet, a review of the response characteris-
tics Just described shows no consistency in response for the same engines.
While some differences in response for comparable engines may be due to
the engine differences associated with the dash designations (YJ65-Wh
versus YJ65-W1A), it is more likely that the differences in fuel regula=-
tors are the cause. Accordingly, when dynamic response characteristics
are, for convenience, described in terms of an engine (or airplane), it
should be recognized that the fuel regulator is also an important variable
among the different configurations.

Another characteristic which differed among the engines was the
relative response for decreasing and increasing thrust changes. Generally,
responses were more rapid for decreasing than for increasing thrust changes,
which is probably a consequence of the fact that the considerations that
1limit the accelerations in the two directions are not the same. Exceptions
in this regard were the F-84F, the F4D, and the F7U~3 for which the
decreasing responses were about as rapid as the increasing. TFor the latter
two airplanes the responses for increasing thrusts were so rapid as to
leave little room for increase in rate for the decreasing thrust changes.

Several of the engines exhibited unusual variations from the general
pattern of response that bear mentioning although they were in no case
important enough to prompt pilots' comments. The initial abrupt thrust
increases shown for the FOF-6 and F-86F, the overshoot in thrust for the
F-86F and FJ-3, and the initial dip in thrust for the F-94C when stepping
from the lower thrust levels would be included in this category.

Engine time constants at high thrust levels.- Figure 11 shows the
variations of the effective time constant of the engines with the amplitude
of the thrust changes for those engines for which significant data were
available. The effective time constant is defined here as the time
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interval from the initial throttle movement to the development of 63
percent of the final steady-state thrust, which is roughly equivalent to
the time constant for a first-order response. It is possibly stretching
a point to assign a first-order time constant to some of the responses,
but it is done here as a matter of convenience.

The data of figure 11 show reasonably consistent variations in the
form plotted and straight-line fairings would appear to be acceptable
approximations to the data, It is of interest in this regard to note
that attempts to plot the time constant against the mean rpm of the step,
as was done in reference 6, led to much more scatter of the data., In
contrast with the results of reference 7 which showed a decrease in time
constant with increasing amplitude, the present results show no change or
an increasing time constant with increasing amplitudes of thrust. Both
of the above differences are probably attributable to the effects of the
fuel regulators which were not included in the tests of references 6 and 7.

As already noted the time constants for decreasing thrusts were
usually less than those for increasing thrusts.

In general 1t appears from these results that the assumption of a
linear variation of first-order time constant with amplitude of thrust
change would be a reasonable one to use for most simulator studies

involving pilot operation of the airplane,

Engine thrust régbaﬂéééfé£716W’fh?ﬁst”levels;-For,oneth_ﬁb9,tgst

airplanes, the F-0bA, engine responses were documented over a much wider -

range of thrust levels. Figure 12 shows the time required for the engine
to develop maximum thrust as a function of initial rpm, the time for first
crossing of the final steady-state value being used in cases of overshoot,
(This time interval, it will be noted, differs from the effective time
constant used in preceding figures; the thrust variations with time are

80 completely different from a first-order response for the lower rpm

levels that a first-order response approximation would be unreasonable.)

The results show that for the lower values of initial rpm, the times
required to attain maximum thrust are very long. Furthermore, the
required times are much greater than could be predicted from an extrap-
olation of a linear variation of time constant with thrust amplitude.
This indicates a limitation in the range of applicability of linear time-
constant variations which should be considered in their use. Unpublished
data for other engines of the same vintage confirm the trends shown in
figure 12,

Further confirmation that linear variations of time constant with
thrust amplitude may not be applicable at low thrust levels is given by
the data of figure 13. These data, which show time histories of thrust
response for a series of small amplitude throttle steps, indicate that even
for thrust levels as high as TO-percent rpm there is a perceptible increase
in time constant over the value for higher rpm.
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Adrplane Responses
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The responses of the various test alrplanes to abrupt throttle steps
are indicated by the time histories of normal and longitudinal acceleration
in figures 3 to 10, and these are summarized in figure 1%, The data
presented in these figures were obtained with the longitudinal control
held fixed except for the large-amplitude runs shown for the FJ-3 alrplane,
and to a lesser degree the F9F-6 airplane. TIn the latter two cases the
longitudinal control was eased forward as the maneuver progressed, soO
that the recorded normal accelerations are less than would have been
obtained in a control-fixed maneuver. Also, for the F-86F airplane with
blowing flap boundary-layer control, large trim changes result from
changes in boundary-layer control air flow;l the longitudinal control was
moved to minimize such trim changes so that the recorded accelerations
are not the result of only throttle movements for this configuration.

As will become apparent in subsequent discussion these discrepancies will

not alter the qualitative conclusions to be drawn from the results., The
responses in figure 14 are of interest as an indication of the ease with

which the flight-path angle may be controlled when the throttle is used

as the primary control. It should be obvious that the added energy

resulting from a thrust increase may appear as an increase in velocity

(~Ax) or as an increase in flight-path angles (7 or A,/V). The distri-

bution of energy between the two motions depends on the pitching=-moment

change due to throttle motion and the longitudinal stability of the

alrplane. -

The data of figure 14 show some variations in the distribution of
response (Ay versus A,) among the different airplanes. The large rapid
response in A, and the average response in Ay observed for the F-86F
airplane (with a blowing-flap boundary-layer control installation) were
considered good for carrier-type approaches., The responses for the
F=94C on the other hand showed the greatest delay in developing A, of
any of the airplanes. This characteristic may have some bearing on the
reputation of the F-9LC of being difficult to stabilize in speed in the
approach, The other airplanes, which had characteristics somewhat
intermediate between those of the two cited, were regarded as neither
outstandingly favorable nor unfavorable.

Another characteristic of the responses which would influence the
pilot opinion may be described as the stability of the response. The
values of A, for most of the airplanes tended to become constant after
about 2 seconds. However, the A, response of the FOF-6 increased
continuously for about 4 seconds for the large amplitude steps shown.
This was considered by the pilots to be an undesirable characteristic.
This behavior may be due to the length of the period of the short-period
longitudinal oscillation which was about 6 seconds. The effect of a N

lEven though the air for the boundary-layer control is extracted from
the engine compressor, it would not be expected that this would influence
the engine dynamic response characteristics significantly.
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pitching-moment change due to throttle application would be expected to
persist for a longer time on an airplane having a longer natural period.
The degree to which the pilot reduced this effect by easing the stick
forward, as noted previously, has not been determined; it may be inferred
from the fact that the pilot applied a correction, however, that he
regarded the response as excessive, Posslbly the existence of a pitch-
up tendency at higher angles of attack, may have influenced the pilot in
his decision to check the motion.

A similar delay in reaching a steady-state value occurred with the
FJ-3 airplane, but was preceded, in this case, by a short pause of 2
seconds. The period of this airplane is also approximately 6 seconds at
low speeds, and a pitch-up occurs at higher angles of attack. The lack
of unfavorable comments by the pilots in this case may be due to the
pronounced favorable longitudinal acceleration effects that occur
simultaneously.

As observed in references 1 and 2 the pitching-moment changes with
thrust are important for carrier-type approaches where the pilot uses the
throttle actively in making flight-path corrections while maintaining
constant speed, and particularly while flying on the "back side” of the
drag=velocity curve. Figure 15 demonstrates the throttle action during
a typlcal carrier-type approach made on the back side of the drag-velocity
curve. From the frequency of the throttle changes it is apparent that
--the throttle_ is as impertant as the longtiduinal control for flight-path
control. I

Throttle response characteristics are not so important to the pilot
in tactical-type approaches in which the spced is varied continuously and
close control of airspeed is not necessary. In this type of approach,
low levels of engine thrust are generally used, and the large engine time
constants associated with these low thrust levels would discourage the
use of the throttle for rapid flight-path adjustment even if the pilot
were so inclined, Illustrative of the time elements that influence this
situation is the fact that the time required to change the thrust of the.
F-86A engine by 1100 pounds would be 6 seconds from a level of 50 percent
of design rpm as against only 1 second from a level of 79 percent of

design rpm,
Airplane-Engine Characteristics in Relation to the Landing Approach

Thrust margin.-« The margin of thrust available for flight-path-angle
control is a significant factor in evaluating approach speeds. On the
basis of tests of the airplanes of this study as well as several other
airplanes the following pilot ratings have been assigned to different
ranges of thrust margin available at the approach speed.




AT/W Pilot rating

> 0.28 Excellent
0.12
to Satisfactory
0.26
< 0.10 Limiting (in

terms of further
reduction in
approach speed)

Tt is of interest to observe from the data in figure 14 that the initial
rates of change of T/W for the F4D and FJ-3 airplanes that were rated
excellent in thrust margin are actually slower than the rates for other
airplanes considered less satisfactory., This would indicate that the
absolute margins of AE/W available are more important than the small
time differences in developing T/W.

A limited study of the effects of AT/W margin was made on a landing-
approach simulator. This study indicated that pilots began to increase
thelr approach speed as the value of AT/W was reduced below about 0.2.
The difference between this value of 0.2 and the value of 0.12 indicated
as a lower satisfactory limit in the preceding tabulation may be due to
limitations of the simulator arrangement used, No provision was made on
the simulator for the favorable trim change due to thrust such as existed
for most of the airplanes included in these tests.

Wave-offs,~ The results of wave-off tests conducted on four of the
test airplanes from carrier-type approaches are summarized in figure 16
where a measure of rate of change of T/W; with corresponding pilot
ratings, is plotted against the ratio of test speed to stalling speed.
Allowing for certain discrepancies this method of presentation seems to
define an approximate boundary between satisfactory and unsatisfactory
rates of thrust development, which varies only slightly, but in the
expected direction, with changing airspeed.

The results indicate that the minimum satisfactory thrust rates are
below available levels for the test airplanes. To the extent that these
available levels may be considered as representative, then, it appears
that thrust rates currently provided are adequate for wave-off from
carrier-type approaches, This conclusion should probably be further
restricted to airplanes having reasonable thrust margins since all the
four test airplanes had values of T/w margin greater than 0,11,

It will be noted that the level of acceptable thrust rates does not
increase greatly as the speed is reduced below the minimum comfortable
approach speeds which are at values of V/Vs of about 1.2, In fact,
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the lower end of the test speed scale is only T percent above the stalling
speed. From this it would seem reasonable to assume then that wave-off
considerations have no significant effect in defining approach speeds in
carrier-type approaches. Whether such a conclusion can be drawn with
regard to lower power tactical-type approaches is open to question.

Simulator studies.~ Limited simulator studies were made of the effect
of engine time constant on carrier approach speeds. It was found that
reduction of the engine time constant from actual values to a value of
zero had no significant effect on the approach speed. This lack of effect
was attributed to the small amplitudes of the throttle steps customarily
used (fig. 15). For such small amplitudes, as has already been noted,
the time constants of the engine at carrier approach rpm would be guite
small.

These results cannot be regarded as definitive, particularly when,
as was pointed out in an earlier section of this report, other pertinent
parameters, such as pitching moment due to thrust, wevre not accurately
included in the simulation. However, they do tend to confirm the view
deduced from flight studies that engine time constants currently avail-
able in carrier-type approaches are not large enough to affect approach
speeds adversely.

CONCLUSIONS

The dynamic responses of the airplane and the engine to abrupt
changes in throttle position were investigated in flight for a number
of jet-propelled fighter-type ariplanes. The tests were not comprehensive
enough to define a minimum acceptable response rate of the engine for the
landing approach. However, for the operating range above about 80-percent
engine design rpm to which most of the tests were confined, certain con-
clusions could be reached as follows:

1. For throttle steps of small amplitude the engine dynamic thrust
responses were generally representable by first-order dynamic responses,
the time constant of which increases linearly with magnitude of thrust
change.

2. For larger size throttle steps the thrust variations for some
engines departed significantly from that corresponding to a first-order
response, This would probably not be a serious factor in approximating
engine response characteristics for landing-approach simulations, but
might be important for other applications.

3. In carrier-type landing approaches the throttle movements
customarily used for control are in the form of small steps for which
the first-order approximation would probably be valid and the effective
engine time constants small,
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4, TFor the large throttle steps used in wave-offs from carrier-
approach thrust levels the dynamic responses of the engines tested were
rapid enough that engine time constants in the wave-off did not limit
approach speed.

5. Responses of the various test airplanes to throttle steps were
different in the degree to which vertical accelerations developed as a
result of trim changes due to thrust.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., Apr. 30, 1959
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TABLE I.- PHYSICAL CHARACTERISTICS OF AIRPLANES AND ENGINES

15

Adrplane [Wing | Engine modellEngine Landing-|Fuel

\iTolane landing |area,| and series |compressor |approach|regulator,

TP weight, |sq ft number type speeds, |service

1b knots designation

FJ-3 13,990 | 288 | YJ65-Wh Axial 111 TJ-L2
F4D 16,870 | 557 | J57-P8A Axial 121 JFCl2-2
FOF-6 13,440 | 300 | J48-P8 Centrifugal] 11k ATO11E
F-86A 12,335 | 288 | J47-13 Axial - VS 26900 G6
F-9LC 14,933 | 233 | J4B8-PT Centrifugal] 131 AT7508
F-86F 12,900 | 288 | Jhk7-27 Axial 111 VS2-14250-B2
F-84F 15,635 | 325 | YJ65-w1A Axdial 132 TJ=J2
FTU=3 21,030 | 535 | JL6-WE-8B |Axial 108 58T846-2




A-l62 .

17

.<O 3755 >

(a) FJ=-3 airplane.

Figure l.- Two-view drawing of the test airplanes.



18

45,66

O

(b) F4D airplane.

Figure 1.~ Continued.

AR B

29T~V



O

110" >

(c) FOF-6 airplane.

Figure 1.~ Continued.
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(d) F-86A and F-86F airplanes.

Figure 1.~ Continued.
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(f) F-84F airplane.

Figure 1l.- Continued.
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(g) F7U-3 airplane.

Figure 1.,=- Concluded.
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Figure 2.- Variation of installed-engine thrust with rpm for test
alrplanes as measured on thrust stand.
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